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Proteome Data Analysis of Hairy Root of Panax ginseng :
Use of Expressed Sequence Tag Data of Ginseng
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ABSTRACT For the hairy root of Panax ginseng, we have got mass spectrums from MALDI/TOF/MS analysis and
Tandem mass spectrums from ESI/Q-TOF/MS analysis. While mass spectrum provides the molecular weights of
peptide fragments digested by protease such as trypsin, tandem mass spectrum produces amino acid sequence of
digested peptides. Each amino acid sequences can be a query sequence in BLAST search to identify proteins. For
the specimens of animals or plants of which genome sequences were known, we can easily identify expressed
proteins from mass spectrums with high accuracy. However, for the other specimens such as ginseng, it is difficult
to identify proteins with accuracy since all the protein sequences are not available yet. Here we compared the mass
spectrums and the peptide amino acid sequences with ginseng expressed sequence tag (EST) DB. The matched
EST sequence was used as a query in BLAST search for protein identification. They could offer the correct protein
information by the sequence alignment with EST sequences. 90% of peptide sequences of ESI/Q-TOF/MS are
matched with EST sequences. Comparing 68% matches of the same sequences with the nr database of NCBI, we
got more matches by 22% from ginseng EST sequence search. In case of peptide mass fingerprinting from
MALDI/TOF/MS, only about 19% (9 proteins of 47 spots) among peptide matches from nr DB were correlated with
ginseng EST DB. From these results, we suggest that amino acid sequencing using tandem mass spectrum
analysis may be necessary for protein identification in ginseng proteome analysis.
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Table 1. Summary of ginseng protein identification by using ESI/Q-TOF/MS sequence tag, ginseng EST DB and nr DB.

No MwW ESI/Q-TOF/MS Ginseng EST E-value Protein id nr DB search from
’ (D) sequence tag search from EST ESI sequence
I 93942  TGGPFGTMoxR DC02030B06.2b12 0003  ‘scorbate Lrascorbate
peroxidase peroxidase
205 Proteasome
1399.73 ITSPLLEPSSVEK proteasome ) oo
2 1423.76 LFQVEYAIEAIK DCO03005F03.ab12 0.026 subunit tsubur;ltldlphd
PAFI ype o
1954.91 ETAAVMQEFTQSGGVRPF
1970.89 ETAAVMoxQEFTQSGGVRPF Chain A, Proteasome
1125.6 EAIPVTGLVR structure of .
3 18508 DWQYSFSLTTFSPSGK DCOI0T7G12.2b10 > restriction f“b“g” alpha
17108 ETAAVMQEFTQSGGVR endonuclease ~ “P°
1726.8 ETAAVMoxQEFTQSGGVR
1399.9 VYYLTTNNNMR
4 1976.2 LNLQPHPEGGFY AETFR DC01027G01.ab12 1.5 F14D16.29 Unknown
1167.57 GTDGSDYIALR
1703.67 ~ DSSPTDDATDDYR
1149.6 YTSIK ~R Chaperonin .
2 .
5 1176.6 TSGGLLLTETK DC02008C10.ab10 le-4 21 precursor Chaperonin 10
1387.8 TTNLLLP ~
1560.8 EDDILGILDT ~ K
1703.7 ~PTDDATDDYR ‘
9! - . ;
6 1334.6 ~ HGLYPYNEK DC02024E04.ab12 2e-4 Ribonuclease Unknown
1120.56 LGDTLLEQGL 19S
7 1432.75 YMVIQGEPGAVIR DC03005F02.ab10 0.66 proteosome Profilin
1448.72 YMoxVIQGEPGAVIR subunit 9
801.464 AacETVVLK Copper Copper
8 1739.79 MEGVESFDIDI ~ DCO02007H10.ab12 te-5 homeostasis homeostasis
755.78 MoxEGVESFDIDIDQNK factor factor
625.5 NDA ~ K
9 1352.68 FADEVN ~ K Unknown
1491.76 ~EL ~
1140.54 EHGAPEDETR Superoxide
10 13108 QIPLIGSGSIIGR DC02011HO1.ab12 Se-4  no hits A
2930.52 LSGSGGVS~ ) )
RNA
11 1588.0 NLNQQEVLMLLEK DC01002E10.ab11 1.6 Polygalaturonase
polymerase
Protein
1368.66 [AS]ITGTVVQ~R disulfide . .
12 2083.03 SANL~ DC02001A04.ab12 6.9 somerase Aminopeptidase
precursor
1771.86 ~LGGLSYDTD~ Expressed RNA binding
13 2953.45 ~AIQALDQGDLHGR DC02025H02.2b12 21 protein protein gend-id
Glycine-rich -
14 171385  VFIGGLSYGTDDNSLR DCO1006A05.ab10 47  RNA-binding — VA-binding
. protein
protein
1527.98 [PSINSDT[Y]VLF[W]AK
1535.98 TLEFLAWLPVTN Nascent poly
1936.18 ~DDSSQLQTQAAEQFK peptide
15 1980.18 ~PQEELLAAHL~ DC01005D08.ab11 0.019 associated Unknown
2243.18 ~LAQDDEDVDET~ complex alpha
1444.75 [LDJELVFTQAGV~
1070.53 LTQYL[YN]R
998.6 TFESVLFT Phosphate-
16 1468.8 [SLIVAVPLD~ DC02005G10.ab12 6.6 repressible acid ~ Unknown
1608.8 [SQITFPAQLSGT~ phosphatase
1841.8 [SVLITDYDTLGSDD[SLL]K




R4t PAE EZE|Z GIOJE| B 214 EST databaseste] S8 240 28t LT £X - 165
N MW ESI/Q-TOF/MS Ginseng E-value Protein id nr DB search from
©: (D) sequence tag EST search from EST ESI sequence
982.504 TFESVLFR
1070.58 LTQYL~R Probable
1112.38 [DV][DV]YLMoxDK cation-
7 146778  [SLIVAVPLD[MT|V[APIR DCO3005F08.b10 68 ansporting Unknown
1607.64 [SG]ATFPAQLSG~ ATPase
1840.78 [GEJLTDYDTLGSD~AK
774.445 AFPQAIK
18 1554.78 LVTLGEASQFNTMK DCO01002E03.abl 1 8e-8 Ribonuclease Ribonuclease 1
1671.93 LYAGLLLDIDDILPK
1447.7 SSEIIEGDGGVGTVK
1554.77 LVTLGEASQFNTMoxK
1671.95 LYAGLLLDIDDILPK
2105.04 ~TIYNTIGDAVIPEENIK
648.49 AVALFK
1283.78 TIVPTPDG~ . .
19 1360.78 TEVEATSTVPAQK DCO01002E03.ab11 8e-8 Ribonuclease Ribonuclease
1458.98 VSEVIEGDGGVGTLK
1398.88 TIGDAVIPEENIK
1524.88 pGVG[TIGDATIPEENIK
1570.98 LVTLGEASQFNTYK
1658.18 LYAGLLLDIDTILPK
735432 SIQLFK
761.435 AFPEGIK
1324.66 GSFLDMoxDTVVPK . .
20 1370.69 TETQAISPVPAEK DC02008A04.ab12 3e-14  Ribonuclease Ribonuclease 2
1457.81 SVQVLEGDGGVGTIK
3160.64 ~ITQTTIYNTIGDAVIPEENIK
1033.58 FALLVDDLK
1905.98 ~LLLSVA~ Thioredoxin
21 2052.01 ~LETGGEFTVS~K DCO01010B12.ab12 6e-3 peroxidase Unknown
2081.98 ~LFKE~ELVDL~R
901.58 VLQLS[GE]R Hsp20.1
22 144678 ~EDGVLTVTVPK DC02017B09.ab10 Be-4 protein Unknown
10224.48 ETSAFVNTR
901.58 VLQLSGER Hsp20.1
23 146278  ASFEDGVLTVTVPK DC02017B09.ab10 Te-5 protein Unknown
1446.78 AAFEDGVLTVTVPK
103358  FALLVDDLK )
1060.38 TLLDLDNTR
1307.58 LQFE~YR Thioredoxin
24 1434.78 [RILLENELQTYR DCO01010B12.ab12 6e-3 peroxidase Unknown
2067.98 ~VETNEFTVSGDVI[ET]LK
2509.98 ~MHNIMHELCDFESSGQK
1204.7 ~LIIGGTG~
1429.64 ~PSEFGNDVDR
894.38 SALLESFK Phenylcouma Isoflavine
25 945.38 EATLSLPSK DC02014C03.ab1 1 4e-3 ran benzylic reductase
1011.58  VVLL~PK ther homolog BET V5
115458  EDDIGT~K ethe £
1835.78 ~EVGFLAELL~
2005.98 ~VLSTVGHAQLADQDK
1363.72 ~QGLSIDEF~ .
Aytosolic Malate
1649.98 ~VVANPANTNALILK
26 1444.86 ~GNGLVAYS~ DCO01008D08.ab11 0.035 zine}l]la:je de:]ydlroge.nase,
171378 ~ENGELVDL~ ehydrogenase cytoplasmic
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No MW ESI/Q-TOF/MS Ginseng E-value Protein id nr DB search from
’ (D) sequence tag EST search from EST ESI sequence
1302.67 LLENLPGLMFR
1548.77 TENFNQNLQLSLK Auxin-induced
1367.58 YIFLSEASASTIR Auxin-induced  protein,
7 2316 VPIEVMOoxGELK DCO1002B10.ab12 67 hrotein aldo/keto
2005.9 LTVELAEGPASADA reductase
1470.78 [LEJGLGLVP~
28 177494  ~LPDGQVITI~R DC03001G04.ab10 de-3  Aeuin Actin
[imported]
901.48 VLQISGER Small heat-shock 18.2kD class I
29 1446.78 AAMoxEDGVLTVTVPK DC01022G09.ab10 9e-7 protein class I, small heat-shock
1115.58 ELLPH~R 18.6K protein
1091.58 [SNJQQFQALR RAD23 protein, RAD23 protein
30 1462.78 SSSGVGSTTSTA~PK DC02003C03.ab11 0.2 isoform [ isoform 1
Reversibly
31 106258 [LD]V[ENTH~ No hit glycosylated
polypeptide-1
A B

Query: VYYLTTNNNMR
an ESI/Q-TOF/MS sequence tag at Spot #4 of Table 1
Subject: ginseng EST sequence. DC01027G01.ab12 (Length = 189)

Score = 24.0 hits (49), Expect = 1.5
Identities = 6/8 (75%), Positives = 7/8 (87x)
Query: 2 YYLTTNNN 9
+Y TTINNN
Sbjct: 106 FYITINNN 113

DC01027G01.ab12

TRETFRDKSVLLAKSQLPPQYKVDRAVSTNIYFLVPSGSVSHLHRI
PCSETWNFYLGDPLTVLEMNEEDGSVKLTTLGSDITGENQLLQYT
VPPNVWFGAFPAKDFYITTNNNAVKNPPRDAENQFSLVGCTCAP
AFEFADFELAKLSELVSRFPDHKSLVTLLTLPSXMXGFNYFSXSXI
LACCFKFX

Figure 1. The analysis results of amino acid sequence of ginseng protein spot #4 with ginseng EST DB (A) and the amino acid sequence of
EST DC01027GO1 (B). At the amino acid sequence of DC01027G01.ab12, the shadowed sequences are matched with the sequence,
YYLTNNN, which is the data from Tandem mass spectrum. YTTNNN, a part of the sequence YYLTTNNN is completely aligned with the
selected EST sequence. And the ‘+’ sign means the amino acid Y has the similar chemical characteristic with the amino acid F of EST

sequence. The E-Value of this alignment is 1.5 .

(AC068602) F14D16.29 [Arabidopsis thaliana)
Length = 197

Score = 217 bits (553), Expect = 4e-56
Identities = 107/170 (62%), Positives = 132/170 (76x), Gaps = 6/170 (3%)

ETFRDKSVLLAKSQLPPQ-————YKVDRAVSTNIYFLVPSGSVSHLHRIPCSETWNFYLG 57
ETFRD SV L+ SQLPP KVDRAVST+IYFL+PSGSVS LHRIP +ETW+FYLG
Sbjct: 28 ETFRDSSVFLSTSQLPPTCSSLPLKVDRAVSTSIYFLLPSGSVSRLHRIPMAETWHFYLG 87

Query: 3

Query: 58 DPLTVLEMNEEDGSVKLTTLGSDITGENQLLQYTVPPNVWFGAFPAKDFYITTNNNAVKN 117
+PLTV4E+ + DG +K T LG D+ +Q QYTVPPNVWFG+FP KD + + + 4K
Sbjct: 88 EPLTVVELYD-DGKLKFTCLGPDLFEGDQKPQYTVPPNVWFGSFPTKDVHFSADGALLKA 146
Query: 118 PPRDAENQFSLVGCTCAPAFEFADFELAKLSELVSRFPDHKSLVILLTLP 167
RD+EN FSLVGCTCAPAF+F DFELAK S+L+SRFP H+SL+T+L+ P
Sbjct: 147 EARDSENHFSLVGCTCAPAFQFEDFELAKRSDLLSRFPQHESLITMLSYP 196

Figure 2. The result of homology search of DC01027G01.ab12
(amino acid sequence) using the BLAST program.

T2 99 g BEEelM Wi fARE AL 7T e
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Table 2. Analysis of MADLI/TOF/MS spectrums of ginseng proteins with nr DB and ginseng EST DB.

Molecular ion Sequence from nr DB Sequence from EST Protein
observed (D) ginseng EST DB sequence ID
923.429 TGGPFGTMR TGGPFGTMR
939.422 TGGPFGTMoxR ' DC02016C L-ascorbate
1611.92 ALLDDPVFRPRVEK ALLDDPVFRPLVEK 04.ab11 peroxidase
2090.92 GCDHLRDVFAKQMGLSDK YAADEDAFFVDYAESHLK
1325.63 IEFPHPTEEAR IEFPHPTEEAR
1453.77 KIEFPHPTEEAR KIEFPHPTEEAR DCO2010A protease
2 188692 DSYLILDTLPSEYDSR 04.ab10 regulatory
1969.94 TMLELLNQLDGFSSDDR ’ subunit 6A
2257.08 DATEVNHEDFNEGHQVQAK DATEVNHEDFNEGIIQVQAK
774.445 AFPQAIK AFPQAIK
1554.78 LVTLGEASQFNTMK
1671.93 LYAGLLLDIDDILPK LYAGLLLDIDDILPK
3 963.54 DCO1002E ribonuclease 1
1283.78 03.ab11
1360.78
1447.78 SSEIIEGDGGVGTVK
2105.18 NTTIYNTIGDAVIPEENIK
774.449 AFPQAIK AFPQAIK
1447.7 SSEIHEGDGGVGTVK SSEIIEGDGGVGTVK
1554.77 LVTLGEASQFNTMKLYA
1671.95 GLLLDIDDILPK LYAGLLLDIDDILPK
2105.04 NTTIYNTIGDAVIPEENIK NTTIYNTIGDAVIPEENIK
AGLIFK
4 648.49 DCO1002E ribonuclease 1
1283.78 03.abl1
1360.78
1458.98
1398.88
1524.88
1570.98
1658.18
735.432 SIQLFK SIQLFK
761.435 AFPEGIK AFPEGIK
1324.66 GSFLDMDTVVPK DCOI00SA
5 1370.69 TETQAISPVPAEK TETQAISPVPAEK 03.4bi1 ribonuclease 2
1457.81 SVQVLEGNGGVGTIK SVQVLEGNGGVGTIK ’
3160.64 IVPTDGGSTITQTTIYNTI IVPTDGGSTITQTTIYNTI
GDAVIPEENIK GDAVIPEENIK
1084.59 SGHPTFALVR SGHPTFALVR
1204.7 ILIGGTGYIGK ILUGGTGYIGK
1304.73 EKVVIFGDGNAR
1429.64 FFPSEFGNDVDR Isoflavone
6 894.38 SAIIESFK DCO02014E reductaase
945.38 EATLSIPSK 06.abl1 homolog BET V5
1011.58 VVILGDGNPK
1154.58 EDDIGTYTIK
1835.78
2005.98
873.484 ALGQISER ALGQISER
1346.71 MELVDAAFPLLK MELVDAAFPLLK
1363.72 IVQGLSIDEFSR
7 1643.76 LSSALSAACDHIR DC03010G Malate dehydroge-
1649.98 VLVVANPANTNALILK VLVVANPANTNALILK 10.ab10 nase, cytoplasmic
2016.15 VLVTGAAGQIGYALVPMIAR
1444.86

1713.78
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Molecular ion R Sequence from EST Protein
No. observed (D) Sequence from nr DB ginseng EST DB sequence ID
1140.54 EHGAPEDETR EHGAPEDETR
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g 2345.08 HAGDLGNVTVGEDGTAE HAGDLGNVTVGEDGTAE DC03007G superoxide
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976.43 AGFAGDDAPR
1192.53 GYMFTTTAER
1445.68 GEYEDSGPSIVHR GEYDESGPSIVHR
9 1884.94 NYELPDGQVITIGAER NYELPDGQVITIGAER DC03005B actin
1954.06 VAPEEHPVLLTEAPLNPK 05.ab10
2199.03 DLYGNIVLSGGSTMFPGIADR
3151.67 TTGIVLDSGDGVSHTVPIY
EGYALPHAILR
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